A Gram-stain-negative, aerobic, non-motile, yellow and rod-shaped bacterial strain was isolated from forest mud located at Kyung Hee University, South Korea. Strain THG-AG6.4
The genomic DNA of strain THG-AG6. 4 T was extracted using a commercial genomic DNA extraction kit (Biofact). The 16S rRNA gene was amplified from the chromosomal DNA with the universal bacterial primer pair, 27F and 1492R [17] , and the purified PCR products were sequenced by Biofact (South Korea). The identification of phylogenetic neighbours was determined using the EzBioCloud server (http://www.ezbiocloud.net/identify) [18] . Multiple alignments were performed by using the CLUSTAL_X program [19] . Gaps were edited using the BioEdit program [20] and evolutionary distances were calculated using Kimura's twoparameter model [21] . The phylogenetic trees were reconstructed using the neighbour-joining method [22] and the maximum-likelihood method in the MEGA 5 Program [23] , with bootstrap values based on 1000 replications [24] .
The 16S rRNA gene sequence of strain THG-AG6. 4 T was a continuous stretch of 1451 bp. According to the EzBioCloud server analysis, the novel strain was closely related to F. gyeonganense HME 7524 T (97.66 %), F. defluvii EMB 117 T (96.93 %) and F. arsenitoxidans S2-3H T (96.80 %). The relationship between strain THG-AG6. 4 T and other members of the genus Flavobacterium was also supported by phylogenetic trees (Fig. 1 ).
Gram staining was determined using a bioM erieux Gram stain Kit according to the manufacturer's instructions. The growth of strain THG-AG6. 4 T was tested on several bacterial media including Nutrient agar (NA, Oxoid), Trypticase soy agar (TSA; Oxoid), Reasoner's 2A agar (R2A; Oxoid), Luria-Bertani agar (LA; Oxoid), Marine agar (MA; Difco) and Macconkey agar (MCA; Oxoid), at 28 C. Adherence of colonies to the agar was tested by trying to collect colonies on NA with a loop and determining the consistency. Growth at different temperatures (4, 10, 15, 25, 30, 35 and 42 C) and pH values (pH 5.0-10.0, at intervals of 0.5 pH unit) were tested in NB for 5 days at 28 C. Two different buffers were used (final concentration, 100 mM) to achieve different pH values: acetate buffer was used for pH 5.0-6.5 and phosphate buffer was used for pH 7.0-10.0. Salt tolerance was tested in NB supplemented with 0-5.0 % (w/v) NaCl (at 0.5 % intervals) for 5 days of incubation at 28 C. Growth was estimated by monitoring optical density at 600 nm. Anaerobic growth was tested at 28 C in serum bottles containing NB supplemented with thioglycolate (1 g l À1 ), in which the air was substituted with nitrogen for 5 days. Cell morphology was observed with a transmission electron microscope (JEM1010; JEOLat; Â11 000) using cells grown for 2 days at 28 C on NA. Colony morphology was observed on NA [25] . Motility was assayed in sulphide-indole-motility medium (SIM; Difco). The presence of gliding motility was assayed using the method described by Bernardet et al. [26] . Production of flexirubin-type pigments was determined by procedures outlined by Fautz and Reichenbach [27] . Catalase activity was determined by bubble production in 3 % (v/v) H 2 O 2 (Daejung) and oxidase activity was determined using 1 % (w/v) N, N, N¢, N¢-tetramethyl-1,4-phenylenediamine reagent (Sigma). H 2 S production from thiosulfate was tested according to Tindall et al. [28] . Tests for degradation of starch [1 % (w/v) T and related type strains is presented in Table 1 .
For determination of the DNA G+C content, genomic DNA was extracted, purified as described by Moore and Dowhan [29] and degraded enzymatically into nucleosides, which were analyzed using a reversed-phase HPLC system (Alliance 2690, Waters), as described previously [30] , using the reversed-phase column, SunFireTM C18 (4.6Â250 mmÂ5 µm), at a flow rate of 1.0 ml min
À1
, the solvent mobile phase consisted of 200 mM (NH 4 )H 2 PO 4 /acetonitrile (97 : 3, v/v), and detection was at 270 nm. Escherichia coli was used as the standard. The DNA G+C content of strain THG-AG6.4 T was 30.2 mol%, which lies in the range for G+C contents of members of the genus Flavobacterium (30-52 mol%) [5] .
DNA-DNA hybridization was performed fluorometrically, according to Ezaki et al. [31] , using photobiotin-labelled DNA probes and micro-dilution wells. DNA-DNA hybridization experiments were performed between strain THG-AG6.4
T and reference strains. The optimum hybridization temperature for strain THG-AG6.4
T was 26.4 C, which was determined by the following calculation: [(0.51ÂG+C content)+47]À36 [32] . Hybridization was performed with five replicates for each sample. The highest and lowest values obtained for each sample were excluded and the means of the remaining three values were converted to percentage DNA-DNA relatedness values. The DNA-DNA relatedness values for strain THG-AG6. 4 T with respect to F. gyeonganense KACC 17688 T , F. defluvii KACC 11877 T and F. arsenitoxidans KCTC 22507 T were 61.0 % (40.2 % reciprocal analysis), 44.8 % (33.5 %) and 31.4 % (24.5 %), respectively. These DNA relatedness values were well below the 70 % threshold value [33] , suggesting that THG-AG6.4
T represents a novel species of the genus Flavobacterium. For fatty acid methyl ester analysis, fatty acids were extracted, methylated and saponified, as described by the Sherlock Microbial Identification system (MIDI) and were analyzed by capillary GC (model 6890; Hewlett Packard) using the Microbial Identification software package with the Sherlock system MIDI 6.1 and the Sherlock Aerobic Bacterial database (TSBA 6.1; Sasser) [34] . The fatty acid profiles of strain THG-AG6. 4 T and related strains of species of the genus Flavobacterium are shown in Table 2 . The major cellular fatty acids were identified as C 16 : 0 (34.4 %), C 18 : 0 10-methyl (13.0 %), summed feature 3 (C 16 : !7c and/or C 16 : 1 !6c; 12.1 %) and C 18 : !9c (10.0 %). However, the novel strain was distinguishable from other species of the genus Flavobacterium due to the presence of C 18 : 0 10-methyl and C 18 : 1 !9c.
The polar lipids of strain THG-AG6. 4 T were extracted from freeze-dried cells [35, 36] . Polar lipids were examined by 2-dimensional TLC (2D-TLC) using TLC Kieselgel 60 F254 (Merck) plates (10Â10 cm) with (1) chloroform/methanol/ [2] ). All strains were yellow. All strains were positive for the hydrolysis of aesculin. All strains were negative for indole production, urease, D-mannitol, gluconate, caprate, adipate, malate, trisodium citrate and phenyl-acetate. All strains were positive for a-glucosidase and b-glucosidase, but negative for lipase (C14). +, Positive; W, weakly positive; -, negative. Reduction of nitrates to nitrites were developed by spraying with 5 % (v/v) molybdophosphoric acid and then charred at 120 C for 10 min. Aminolipids were detected by spraying with 0.2 % (v/v) ninhydrin and charred at 120 C for 5 min. Phospholipids were detected by spraying with molybdenum blue reagent (Sigma) at room temperature. Glycolipids were visualized with 2.5 % a-naphthol-sulfuric acid by charring at 120 C for 5 min. The polar lipid profile of strain THG-AG6.4 T (Fig. S2.) consisted predominantly of the compounds phosphatidylethanolamine (PE), an unidentified phospholipid, five unidentified glycolipids (GL1-GL5) and phosphatidylserine (PS). In addition, minor amounts of an unidentified lipid, an unidentified aminophospholipid, two unidentified aminolipids and two unidentified aminoglycolipids (AGL1-AGL2) were also present in the polar lipid profile of the novel strain. Therefore, the polar lipid profile of strain THG-AG6. 4 T was consistent with the profiles of other members of the genus Flavobacterium in which PE is the major polar lipid [3] .
The respiratory quinones of strain THG-AG6.4 T were extracted from freeze-dried cell material. Menaquinones were extracted with chloroform/methanol (2 : 1, v/v), concentrated using a rotatory evaporator at 50 C and extracted in n-hexane. The crude hexane/quinone solution was purified using Sep-Pak Vac silica cartridges (Waters) and subsequently analyzed using a reversed-phase HPLC system (Alliance 2690 system) [column, SunFireTM C 18 (4.6Â250 mmÂ5 µm); solvent, methanol/2-propanol (7 : 5, v/v); flow rate, 1.0 ml min À1 ] [37] [38] [39] . F. gyeonganense KACC 17688 T was used as the control strain for MK-6 [40] . The predominant menaquinone detected in strain THG-AG6. 4 T was menaquinone-6 (MK-6), which is consistent with other members of the genus Flavobacterium [5] .
The polyamines of strain THG-AG6.4 T were extracted as described by Busse and Auling [41] , and by Taibi et al. [42] . Homospermidine was the major polyamine, which was consistent with other members of the genus Flavobacterium [5] .
In summary, the characteristics of strain THG-AG6.4
T were consistent with descriptions of members of the genus Flavobacterium with respect to morphological, biochemical and chemotaxonomic properties. The results of this polyphasic analysis of strain THG-AG6.4
T and its closest phylogenetic neighbours indicates that strain THG-AG6.4
T should be assigned to the genus Flavobacterium as a novel species, for which the name Flavobacterium limi sp. nov. is proposed. 
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